Lysimeter experiment was conducted during winter season of 2013-2014 and 2014-2015 in Sakha Agricultural Research Station Farm; Kafr El-Sheikh Governorate. This study aimed to clarify the effect of soil moisture depletion (45, 60 and 75% from the available water) and nitrogen levels (zero, 75, 100 and 125% from the recommended dose) as well as their interaction on wheat yield, water and nitrogen use efficiencies. The obtained results can be summarized in; -Soil moisture depletion and nitrogen fertilizer levels interaction high significantly affected grain yield in both seasons. The highest values of grain yield (2889.60 and 2829.40 kg fed -1 in the 1 st and 2 nd season, respectively) were realized by applying the treatment of irrigation after depletion 45% from available water + 125% of N recommended dose.
INTRODUCTION
The domestic wheat production in 2013 season was estimated by 8.7 million tons, whereas the Egyptian national consumption of wheat was about 17.7 million tons in 2013; there is a great gab between the consumption and production. Egypt imports above five million tons of wheat grains. Unless domestic wheat production increases annually, the deficit will increase due to the increase of population rate (2%) and present consumption per capita estimated by about 200 kg year -1 (USDA, 2013) .
Recently, water scarcity became an alarming problem. Water stress may result in similar yield or low yield reduction, with the benefit that the amount of saved irrigation water can be assigned to be used in irrigating new lands. However, water is an affecting factor in any agricultural expansion. Accordingly, it is advised to evaluate possible new approaches to control the crop water requirements through modern irrigation systems and management techniques. So, the use of improved irrigation systems becomes very important to save water, give favorable crop yield, optimum use of water and minimum labors requirements. Many researchers proved the importance of irrigation treatment to maximize wheat productivity. In this respect, Beshara (2012) stated that the highest value of the grain, straw, total N uptake and WUE were obtained with 40% depletion of available soil moisture in the growing season. While the lowest value of these traits were obtained with 70% depletion of available soil moisture in both seasons. Hammad-Salwa and Ali (2014) indicated that delaying irrigation until 65% or 80% depletion decreased grain and straw yields. Increasing soil moisture depletion levels decreased the grain and straw yields compared with 50% depletion of the two seasons. They found also that total N uptake by wheat went as the same trend of grain and straw yields. Mahamed et al., (2011) suggested that the greatest water use efficiency was observed when irrigation schedule applied when 50% of the available soil water is depleted as compared with Irrigation was applied when the soil moisture was depleted by 60% and 75% of available soil water (ASW).
Egypt utilizes fertilizers at an accelerating rate, due to various factors such as the increase in the cropped area and raising the rate of fertilizer application for various crops. Consequently, Egypt is considered to be a heavy user of chemical fertilizers, especially N fertilizers then P and K fertilizers. Soil fertility continues to decline because of combined effects of increasing pressure for land use for crop production, inadequate compensation of nutrients exported and lack of nutrients management. Gazia and Abd EL Aziz (2013) concluded that increasing N level up to 90 kg fed -1 led to a significant increase in wheat grain yield. Mosaad et al., (2013) showed that wheat grain and straw yields and N-uptake by grain and straw increased with use of mineral fertilizer rates up to 90 kg N fed -1 , but N utilization efficiency for wheat crop was decreased. Rahman et al., (2011) reported that apparent nitrogen use efficiency (NUE) in terms of amount grain production per unit N applied significantly decreased with the increasing N rate. Under the sub-optimum rate of 80 kg N ha -1 application of all basal gave the maximum NUE, where minimum NUE was obtained under N rate of (120 kg ha -1 ). Also they found that the highest values for total nitrogen uptake were achieved with N rate of (120 kg ha -1 ). Noureldin et al., (2013) reported that supplying wheat plants by 50 kg N fed -1 produced the maximum grain yield/ N unit and the greatest apparent nitrogen use efficiency (AE). They also found that low apparent nitrogen use efficiency (AE) was achieved due to adding 100 kg N fed -1 . ElGizawy (2005) indicated that grain yield fed -1 was increased due to increasing the rates of N from 50 to 75 and 100 kg N fed -1 in both season. Faizy et al., (2010) stated that nitrogen use efficiency (NUE) and nitrogen recovery of wheat yield decreased with increasing Nlevel up to 140 kg fed -1 , where the highest value of NUE and nitrogen recovery obtained with 40 kg N fed -1 as compared with 140 kg N fed -1 . Haile et al., (2012) reported that the highest N uptake efficiencies were recorded at 30 kg N ha -1 and the lowest N uptake efficiencies were recorded at the highest N rate (120 kg N ha -1 ). Therefore, the objective of this study is to evaluate the effect of soil moisture depletion levels and different nitrogen rates on wheat plant.
MATERIALS AND METHODS
Lysimeter experiment was conducted at Sakha Agricultural Research Station Farm; Kafr El-Sheikh Governorate, North-Nile Delta. The study aimed to clarify the effect of different soil moisture depletion, nitrogen fertilization and their interaction on wheat yield, water and nitrogen use efficiencies.
The studied factors were three soil moisture depletion (irrigation after depletion 45%, 60% and 75% from available water) and four nitrogen fertilization levels (0, 75, 100 and 125 % of nitrogen recommended dose of Agric. Ministry). The experiment was conducted in split plot design, with three replicates.
Lysimeter (0.78 m 2 ) was divided into 3 groups; each group includes 12 lysimeters to be studied.
Lysimeter was a circular shape; the diameter of one metre and a height of 60 cm with filter (sand and gravel) of 10 cm, each lysimeter was filled by 458.25 kg of the clay soil. some chemical and physical soil properties as shown in Table ( 2).
Method of analysis:
 Soil reaction (pH) according to Cottenie et al., (1982) , Electrical conductivity (ECe), soluble cations and anions according to Page (1982) . Organic matter (OM) content was determined using (Walkally Black -method) according to Hesse, (1971) . Available N and K were determined according to Jackson (1967) . Available P was determined by sodium bicarbonate method according to Olsen et al., (1954) . The cation exchange capacity (CEC) was determined as described by Jackson (1967) . Mechanical soil analysis and CaCO 3 % were determined according to the international pipette method (Piper, 1950) . Field capacity (F.C.) and permanent wilting point (PWP) were determined by using pressure membrane method at 0.33 and 15 atm (Klute, 1986) . Available water value is the difference between the field capacity and the permanent wilting point. Dry materials of plant organs (oven dry basis) were wet digested with an H 2 SO 4 -H 2 O 2 mixture as described by Wolf (1982) and analyzed for the following:  Nitrogen content was determined by micro-Kjeldahl method (Jackson, 1967) .  Phosphorus was determined by using hydroquinine method (Snell and Snell, 1967) .  Potassium content was determined by using a flame photometer (Jackson 1967 Talha et al., (1980) .
WUE (Kg m 3 ) =
Where: WCU = actual water consumptive use All measurements data during the two seasons in this study were statistically analyzed according to the methods described by Snedecor and Cochran (1980) . The differences among the means of different treatments were tested using the Least Significant Differences (LSD) at probability 5%. Statistical analysis was done using the CoStat package program, version 6.311 (Cohort software, USA).
RESULTS AND DISCUSSION

1-Grain yield:
Data presented in Table ( 3) show the effect of soil moisture depletion, nitrogen fertilization levels and their interaction on grain yield.
Data point out that soil moisture depletion treatment high significantly decreased the grain yield in both seasons. Means of wheat grain yield were 2157. 31, 2006.46, 1807.58 Mosaad et al., (2013) and Gazia and Abd EL Aziz (2013) .
High significantly effect was found by the interaction between soil moisture depletion and nitrogen fertilizer levels on grain yield in both seasons. The highest values of grain yield are realized by applying the treatment of irrigation after depletion 45% from available water + 125% of N recommended dose for both seasons. Grain yield reduced in each season by increasing soil moisture depletion at all nitrogen rates in both seasons. Data of Table ( 4) show the effect of soil moisture depletion, nitrogen fertilization levels and their interaction on wheat straw yield.
Data indicate that soil moisture depletion treatments significantly decreased wheat straw yield in both seasons. The highest mean values of wheat straw yield are 3355.19 and 3297 kg fed -1 under irrigation after depletion 45% from available water in the first and second season, respectively. No significant differences in the straw yield were found as affected by irrigation after depletion 45% and 60% from available water in first season. Also the lowest mean values are 3080.98 and 3127.25 kg fed -1 under irrigation after depletion 75% from available water in the first and second season, respectively, without significant difference as compared with irrigation after depletion 60% from available water in the second season. The increase in growth and productivity of wheat due to increasing irrigation water may be due to provide moisture for wheat plants continuously which allows better growth, thereby enhancement yield components resulting in increments in plant height and straw yield. Similar results are given by previous researchers Beshara, (2012) and HammadSalwa and Ali (2014) Different N rates 75%, 100% and 125% of N recommended dose high significantly increased straw yield by 22.46% at N 75% , 31.61% at N 100% and 43.39% at N 125% in first season and by 18.71% at N 75% , 24.79% at N 100% and 26.26% at N 125% in second season, as compared to control. Insignificant differences between 100% and 125% of N recommended dose in second season were found. It can be concluded that the increasing amount of nitrogen fertilizer, the straw yield gradually improve because encourage vegetative growth and thus on plant height and branches, so on the straw yield. These results are in harmony with those obtained by Mosaad et al., (2013) .
No interaction effects were found between soil moisture depletion and nitrogen fertilization levels on wheat straw yield in both seasons. nd season as compared with irrigation after depletion 60% and 75% from available water, respectively. These results may be attributed to the increase in soil moisture content in the plant root zone which led to an increase in available nutrient and increase N uptake by wheat plant. These results were recorded by Beshara, (2012) and HammadSalwa and Ali (2014). . This may be due to the available nitrogen in the soil are less under the low levels and are enough in the high level, also increasing nitrogen fertilizer levels led to increase nitrogen uptake by plants. These results are in line with Rahman et al., (2011) .
There are high significant differences in total nitrogen uptake in the both seasons due to the interaction between soil moisture depletion and nitrogen fertilization levels. It could be noticed that irrigation after depletion 45 % from available water with fertilization at 125 % of recommended dose gave the highest values of nitrogen total uptake by wheat. On the contrary, the lowest total nitrogen uptakes by wheat are obtained from irrigation at 75 % available water without nitrogen fertilization in the two growing seasons.
4-Nitrogen agronomic efficiency (NAE):
Data presented in Table ( 6) show the effect of soil moisture depletion, nitrogen fertilization levels and their interaction on nitrogen agronomic efficiency by wheat grains (kg grain kg N -1 ). Data reveal that soil moisture depletion significantly affected NAE, where irrigation after depletion 75 % from available water decreased NAE by 16.70 % and 9.01 % than that of irrigation after depletion 45 % and 60% from available water, in first season, respectively. While in second season these decreases were 20.74 % and 4.87% than that of irrigation after depletion 45 % and 60% from available water, respectively. Insignificant differences were found between mean values of NAE due to irrigation after depletion 60 % and 75% from available water in second season. The data reveal that the unit of nitrogen (kg) produces more grains yield when plant was irrigated after depletion of 45% from available water than 60% and 75%. Rahman et al., (2011) and Noureldin et al., (2013) .
Concerning the interaction effect data reveal that high significant interactions between soil moisture depletion and N fertilization levels on NAE were obtained. The highest values of NAE 20.69 and 23.72 kg grain kg N -1 were recorded under irrigation after depletion 45% from available water + 75% of N recommended dose. The lowest values (16.17 and 15.62 kg grain kg N -1 ) were achieved under irrigation after depletion 75% from available water + 125% of N recommended dose. It can be said that NAE increases by decreasing soil moisture depletion and N-levels in both seasons.
5-Apparent N recovery (ANR) by wheat (%):
Data presented in Table (7) show the effect of soil moisture depletion, nitrogen fertilization levels and their interaction on apparent nitrogen recovery (ANR) by wheat (%).
Data point out that soil moisture depletion treatment high significantly affected ANR in both seasons. The mean values of apparent nitrogen recovery by wheat are 57.87, 53.61, 48.13 % and 68.41, 61.43 and 55 .74 % under irrigation after depletion 45%, 60% and 75% from available water in the first and second season, respectively. Hence irrigation after depletion 75% from available water decreased ANR by (17.62 % and 10.55 %) and (19.46 % and 10.06 %) than that irrigation after depletion 45% and 60% from available water in the first and second season, respectively.
Raising nitrogen fertilizer levels negatively and high significantly affected ANR (%). 125% of N recommended dose decreased ANR by (5.38 and 1.98 %) in the first season and (11.92 and 5.21 %) in the second season than that of 75% and 100% of N recommended dose, respectively. Similar results were given by previous researchers Faizy et al., (2010) and Haile et al., (2012) .
Apparent nitrogen recovery values by wheat were high significant affected by the interaction between soil moisture depletion and nitrogen fertilizer levels in both seasons. The highest values of apparent nitrogen recovery by wheat were realized by applying the treatment of irrigation after depletion 45% from available water + 75% of N recommended dose for both seasons. Apparent nitrogen recovery by wheat reduced in each season by increasing soil moisture depletion at all nitrogen rates in both seasons. ) for 125%, 100% and 75% from recommended N dose in both seasons, respectively, these results could be caused due to increase the wheat yield which led to increases in water consumptive use.
Concerning to the interaction effect between soil moisture depletion and nitrogen fertilizer levels effect on actual water consumptive use in both seasons, data reveal that the highest values were obtained with irrigation at depletion of 45% of available water + 125% of N recommended dose comparing with other soil moistures and nitrogen rates.
7-Water use efficiency:
Data presented in Table (9) show the effect of soil moisture depletion, nitrogen fertilization levels and their interaction on water use efficiency.
Water use efficiency for the grain yield was affected by soil moisture depletion levels and was highly significant. The mean values of WUE due to the irrigation after depletion 45% of available water are significantly different from that irrigation after depletion 60% and 75% of available water. The highest WUE (1.31 and 1.34 kg grain m -3 water consumed) and the lowest (1.21 and 1.23 kg grain m -3 water consumed) for both seasons were observed at 45 and 75 % SMD levels, respectively. These indicated that 75 % of soil moisture depletion reduce WUE for grain yield. The results agree with the result of Mahamed et al., (2011) and Beshara (2012) . The effect of nitrogen at various levels on WUE were high statistically different in all cases. Maximum WUE of (1.45 and 1.52 kg grain m -3 water consumed) were obtained when N apply at level of 75% from N recommended dose. The lowest WUE (0.80 and 0.76 kg grain m -3 water consumed) were achieved without nitrogen application for both seasons, respectively.
Likewise, the interactions between soil moisture depletion and nitrogen fertilizer levels on WUE were insignificant in first season and significant in second seasons. The highest value of WUE was obtained from treatments of irrigation after depletion 45% of available water and 75% from N recommended dose while the lowest value of WUE was revealed from the irrigation after depletion 75% of available water without addition of nitrogen fertilizer in both growing seasons.
These results could be attributed to the highly significant differences between the wheat grain yield values as well as differences water consumed use (Table  3 and 8) .
CONCLUSION
It can be concluded that under natural conditions (water availability) wheat can be irrigated after depletion 45 % from available water with fertilization at 125 % of recommended dose which gave the highest mean values of grain production of wheat, On the other hand, under drought conditions (reducing water resources), other soil moisture treatments with different nitrogen levels can be used with expected decreasing in wheat productivity.
